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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3in the drawings, any words are not translated. 



CLAIMS 



ICIaim(s)] 

[Claim 1] The presentation Si02 of the following [ oxide criteria ] 63.0-67.5-mol %. aluminum 203 9.5-12.0-mol % and Na2 O 8.5- 
15.5-mol % and K2 O 2.5-4.0-mol %, MgO 3.0-9.0-mol %, sigma CaO+SrO+BaO+ZnO 0-2.5-mol %, Ti02 0.5-1. 5-mol %, Ce02 0.02- 
0.5-mol %. As 203 0-0.35-mol %. Sn02 0-1.0-mol % and F2 0.05-2.6-mol % — however — Si02/aluminum2 035.3-6.85 Na2 0/K2 O 
3.0-5.6 K2 O [ aluminum2 03/] 2.8-3.6 aluminum2 03/(Ti02+Ce02) In the ion-exchange bath which contains more potassium salt 
than 90 % of the weight in the glass which has 7.6-18.5 The manufacture approach of the glass by which chemical-strengthening 
processing was carried out of reaching in the high fracture strength characterized by performing chemical-strengthening processing 
over 0.5 - 20-hour immersion time amount at the temperature of 350-550 degrees C. and having high chemical resistance. 
[Claim 2] the glass to be used — As 203 And Sn02 at least one sort of components chosen from the becoming group — at least 
0.02-mol % — approach according to claim 1 characterized by containing. 

[Claim 3] The approach according to claim 1 or 2 that the glass to be used is characterized by containing 0.02-0.35-mol % of As 
203. 

[Claim 4] An approach given in claim 1 characterized by grinding glass after chemical-strengthening processing thru/or any 1 term 
of 3. 

[Claim 5] Use as a glass substrate for hard disks of the glass manufactured according to the approach of a publication in claim 1 
thru/or any 1 term of 4. 



[Translation done.] 



TffiS PAGE BLANK ftmot 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Fracture strength of this invention is high and it is related with the manufacture approach of the glass by 
which chemical-strengthening processing (chemical reserve stress grant processing) was carried out excellent also in chemical 
resistance, and use of such glass. 
[0002] 

[Description of the Prior Art] Since glass is divided and has the property of low surface roughness and smooth nature which should 
be mentioned especially as compared with a metal like aluminum or various metal alloys, when using it as a substrate of a data-hold 
medium (hard disk), it is advantageous. Such glass for substrates needs to bear the heavy load added chemically, thermally, and 
mechanically at the time of the inside of manufacture of a hard disk, or use. That is, such glass is heated by the elevated 
temperature between coatings (for example, based on cathode sputtering), and is cooled after that for a short time, the big 
mechanical load also at the time of the use as a hard disk — starting — such a load — for example, rotational speed — 3,500 - 
10,000rpm and the bolting stress to a revolving shaft — 300N/mm2 **** — it becomes. 

[0003] The glass which has not performed strengthening processing will be fractured very easily, if a tensile stress is added. 
Especially, in the case of thin glass with a thickness of 0.25-3.00mm. a load which was mentioned above only when strengthening 
processing (reserve stress grant processing) was carried out can be borne. Compared with the glass which has not performed 
strengthening processing, a load with it is added, and the glass which has performed strengthening processing becomes comparable 
[ the probability of fracture ] for the first time. [ the low namely, probability fractured also by the predetermined load and ] 
[ bigger ] 

[0004] Since 3mm or more in thickness is needed also at the lowest in order to increase a mechanical strength by heat 
strengthening (thermal reserve stress grant), the chemical strengthening by the ion exchange in the inside of a salt bath serves as 
alternative here. In the chemical strengthening of a under from a glass transition point Tg, alkali-metal ion with the small ion 
diameter in glass is permuted by alkali-metal ion with the big ion diameter in a salt bath, for example, it is Li+. Na+ Na+ K+ It 
permutes, about [ consequently. / of the ion-exchange depth ] — a compressive-stress band with a thickness [ equivalent to two 
thirds ] of about 14-230 micrometers forms — having — 350-900N/mm2 Bending strength is attained. 

[0005] One important factor which will be accepted when generating a compressive-stress layer well is the presentation of glass. If 
Li ion exists in glass, it will become difficult to advance an ion-exchange process. The ion exchange [ this / Li+ ] of two types, i.e.. 
it is, Na+ The permutation to depend and Na+ K+ It is because the permutation to depend will arise and it is usually necessary to 
observe the specific mixing ratio of Na salt and K salt, and a narrow temperature requirement in process of the ion exchange. With 
oxygen ion, the fluoride in glass forms the anion network structure of glass, and can also diffuse big ion easily in such network 
structure. This will promote reduction of stress. When substrate glass contains comparatively a lot of fluorides, a chemical 
strengthening is usually the process of whether only a short period of time is attained and coating, for example, either of whether it 
will be almost lost at the time of heating. The quality of glass concerning the number and size of a defect of solid inclusion, a 
bubble, etc. at the above mentioned application is also important. This is because a concave hole will arise at the time of polish and 
the irregularity which cannot be permitted on a front face will arise, if air bubbles are shown in a substrate front face. 
[0006] German patent application public presentation official report DE 42 06 268 The lithium content aluminosilicate glass for hard 
disk substrate glass is indicated by aluminum number. Li02 Although ****** j s improved by existing, a chemical strengthening also 
becomes difficult for coincidence. In addition to surface smooth nature with a glass substrate, chemical resistance is also very 
important for the functionality of a fixed disk. In order to locate reading / writing head of a computer in the point-blank range of 
about 50nm and to function convenient from the hard disk which is carrying out high-speed rotation, this distance needs to be held 
correctly. However, resistance does not have the substrate front face of a hard disk to an operation of atmospheric air, and if a 
front face is ruined (for example, efflorescence), or adhesive strength with each class by which a front face is ****(ed) on a front 
face for an operation of atmospheric air is lost and exfoliation arises by the attack of a chemical before a coating activity, the 
distance of a head and a disk will decrease. 

[0007] It is also a problem that the resistance on the front face of glass to water, caustic alkali liquid, or an acid usually decreases 
by chemical-strengthening processing, i.e., increase of the concentration of comparatively big alkali-metal ion. Not only chemical 
resistance falls, but [ when alkali-metal concentration rises ] this is for the attack operation by the chemical to increase, so that 
alkali-metal ion is large. 

[0008] The purpose of this invention is to offer the manufacture approach of the chemically strengthened glass which is excellent 
also in chemical resistance and bending strength is not only high, but can be especially used suitably as a substrate for hard disks. 
[0009] 

[Means for Solving the Problem] In order to attain said purpose, according to this invention, the presentation Si02 of the following 
[ oxide criteria ] 63.0-67.5-mol %. aluminum 203 9.5-12.0-mol % and Na2 O 8.5-15.5-mol % and K2 O 2.5-4.0-mol %, MgO 3.0-9.0- 
mol %, sigma CaO+SrO+BaO+ZnO 0-2.5-mol %, Ti02 0.5-1. 5-mol %. Ce02 0.02-0.5-moi %, As 203 0-0.35-mol %. Sn02 0-1.0-mol % 
and F2 0.05-2.6-mol % — however — Si02/aluminum2 035.3-6.85 Na2 0/K2 O 3.0-5.6 K2 O [ aluminum2 03/] 2.8-3.6 aluminum2 
03/(Ti02+Ce02) In the ion-exchange bath which contains more potassium salt than 90 % of the weight in the glass which has 7.6- 
18.5 The manufacture approach of chemically strengthened glass of reaching in the high fracture strength characterized by 
performing chemical-strengthening processing over 0.5 - 20-hour immersion time amount at the temperature of 350-550 degrees 
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C, and having high chemical resistance is offered. 
[0010] 

[Embodiment of the Invention] The requirements for making the compressive-stress band which has a desired property generate at 
a strengthening (reserve stress grant) process are the presentations of glass. With the aluminosilicate glass used by this invention, 
it is Si02. It is because the melting point will rise superfluously if a content must not exceed 67.5-mol % and this exceeds this 
content. On the other hand, it is Si02. Even if a content becomes less than [ 63.0 mol % ]. it does not become, but this is because 
chemical resistance is spoiled remarkably under in this content, aluminum 203 since it is the same A content must not exceed 
12.0-mol %. either and must not be less than [ 9.5 mol % ]. either. It is Si02 in order to secure the both sides of good acid 
resistance and good ion-exchange nature, aluminum 203 It is necessary to exist by the ratio which was able to take balance 
mutually. Namely, Si02 / aluminum 203 There must be a mole ratio within the limits of 5.3-6.85. 

[0011] There is an alkali-metal oxide as a fundamental component of glass. By combining effectively the clarifier mentioned later 
according to this invention, it becomes possible to except Li2 O completely, and it becomes possible to attain a desired property to 
coincidence about the both sides of surface quality and a chemical strengthening with single glass. There must be a Na2 O content 
in 8.5-1 5.5-mol% of within the limits. By chemical resistance falling, if a Na2 O content exceeds 15.5-mol %, if lower on the other 
hand than 8.5-mol %, it will be hard coming to fuse glass in the first place first, and it is Na+/K+ to the second. The increment in the 
reinforcement only by the ion exchange will be restricted. 

[0012] The component which has an exceptional and surprising operation is K2 O. and this component needs to exist in % of the 
amount of 2.5-4.0 mols. This component increases the melting nature of glass and promotes the ion-exchange process by K ion in 
a salt bath of Na ion in glass. Furthermore, a homogenization process is also simplified and it also becomes approaching the 
condition of request that a bubble is absent. This is for simplifying ****, without spoiling the chemical resistance and chemical- 
strengthening nature (chemical reserve stress grant nature) which the direction of K2 O increased the basicity of glass, 
consequently were excellent compared with Na2 O of the number of the said mols. It is only the case of above-mentioned within 
the limits that same chemical and the glass which has a mechanical property and was excellent in the cellular property can be 
manufactured easily. Less than [ 2.5 mol % ], when the ratio of aluminum2 03 / K2 O is less than 2.8, the content of K2 O The 
consistency of air bubbles and the size of air bubbles increase, and on the other hand, the content of K2 O is larger than 4.0-mol %, 
and when the ratio of aluminum2 03 / K2 O is larger than 3.6, reinforcement of glass cannot be enough increased between 
chemical -strengthening processings (chemical reserve stress grant processing). Two sorts of alkali-metal oxides also need to exist 
by the ratio which was able to take balance mutually. That is, there must be a mole ratio of Na2 0/K2 O within the limits of 3.0-5.6. 

[0013] other indispensable components — MgO — it is — the minimum — 3.0-mol % — it is necessary to exist Consequently, the 
basicity of glass rises and homogenization is promoted. However, under existence of bivalence ion, since Na ion joins together more 
strongly in aluminosilicate glass structure, MgO is also checking an ion-exchange process. For this reason, MgO must not exceed 
9.0-mol % at the maximum. Other alkaline-earth-metal oxides and ZnO also have the same operation, therefore, this glass — CaO, 
SrO, BaO, and ZnO — total amount sigma CaO+SrO+BaO+ZnO — it is — 0-2.5-mol % — it can contain 0.1 to 2.5% preferably. The 
thing with MgO more desirable than other alkaline-earth-metal oxides and ZnO is because there are few degrees which spoil 
chemical resistance than these oxides, while MgO raises melting nature like BaO and CaO. Furthermore, it is Ti02. It is the 
indispensable component of glass. Ti02 1.5-mol% of that whose content needs to be more than 0.5 mol % — it must not exceed — 
this — this — it is because trouble arises between melting of a batch that it is out of range. 

[0014] In order to obtain the best result about a bubble property, other components, i.e., clarifier, and founding assistants also need 
to exist in the combination which was able to take balance. Glass is Ce02 of % of the amount of 0.02-0.5 mols. It is necessary to 
contain. Ce02 It not only has a founding function, but it gives the absorbing power of ultraviolet rays with many medicine top 
problems high enough to glass. Therefore, use of the glass in lighting industry also becomes possible. The initial complement of a 
clarifier is aluminum 203 which exists in glass. Being influenced by the amount was found out. aluminum 203 which exists in glass 
The initial complement of a clarifier increases, so that there are many amounts. It is necessary to make it the mole ratio of 
aluminum2 03/(CeO2+TiO2) specifically become within the limits of 7.6-18.5. As other clarifiers, it is As 203 not more than 0.35 
mol %. And Sn02 not more than 1.0 mol % It is suitable. It is desirable that at least one side recognizes amount existence beyond 
0.02 mol % among two sorts of these components. The glass used in the semantics [ there are few bubbles and ] that size is small 
especially in order to be quality is As 203 of % of the amount of 0.02-0.35 mols. It is necessary to contain. 

[0015] Glass is F2 of % of the amount of 0.05-2.6 mols further. It is necessary to contain. The minimum of this range is set up on 
the need for cellular quality, and an upper limit is set up in view of the above-mentioned operation of the fluoride to the network 
structure of glass. In the case of arsenic content glass, it is F2 [ 0.05-0.7 mol % ]. F2 which is 0.5-2.6-mol % when a content is 
desirable and is arsenic non-containing glass A content is desirable. 

[0016] It is possible to create simply the compressive-stress band of high depth which compressive stress maintains over a long 
period of time according to a chemical strengthening with such glass to a surprising thing, without spoiling the good chemical 
resistance. 100 % of the weight - 90% of the weight or more of potassium salt is contained, and glass goods are immersed in a salt 
bath [ as / whenever / bath temperature / whose / is 350-550 degrees C ] over 0.5 - 20 hours. By such processing, a 
compressive-stress band about 14 to 230 micrometers or more generates [ thickness ]. The immersion time amount of long 
duration is needed, so that temperature is low in that case. All things the anion is stable in the above-mentioned temperature 
requirement can be used for a salt bath by general potassium salt. A potassium content reduces a salt bath (it usually starts from 
100% of potassium salt) for the ion exchange, and when the desired ion-exchange depth is no longer obtained, they are exchanged. 
It is usually a time of potassium salt becoming 90 % of the weight to become such a situation. It is also possible to use 10 or less % 
of the weight of other salts, and to lower the melting point of a bath from the beginning. It means that the ion-exchange capacity of 
a bath exhausts this the part earliness. of course. 

[0017] When the ion exchange performs a chemical strengthening on glass, a result whose front face is ruined depending on the 
case may be brought. In the advantageous embodiment of the new approach of this invention, glass is ground after strengthening. 
The compressive-stress layer from which it is obtained by this invention that such a series of down stream processing from which 
the conventional technique differs can be performed is because it is thick, without spoiling the fracture strength excellent in this 
invention. Although it is desirable to carry out to 25 micrometers or more in thickness and it performs the ion exchange over about 
1 hour for that purpose at the temperature of 450 degrees C, as shown in Table 2, even if other processing times and temperature 
are used for a compressive-stress layer, it is possible for considering as such thickness. If it grinds after strengthening, the glass 
which has the surface characteristic which could remove again mechanical change produced on the front face, and was excellent 
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between chemical-strengthening processings can be obtained, and, moreover, good chemical resistance will also be maintained- If 
the approach of this invention is used, since a surface characteristic not only improves, but a **** process can be reduced, the 
manufacture approach will also be simplified. Polish of glass is performed using cerium oxide and it is made for granularity to be set 
to less than 1nm with ah RMS value (mean square value). 
[0018] 

[Effect of the Invention] The advantage of the new approach of this invention is as follows. That is. the tempered glass 
manufactured by the approach of this invention has the following properties, and this is a combination peculiar to this invention. 

- High bending strength. - A deep compressive-stress band, - That the generated compressive stress does not ease substantially, 

- Good surface quality and - High chemical resistance. 

. Since the tempered glass manufactured by the new approach of this invention has the peculiar property, it is the the best for using 
it as substrate glass for hard disks. Probably, other effectiveness and advantages of this invention will be clear from the above 
mentioned explanation and the following examples. 
[0019] 

[Example] Table 1 shows some examples of the tempered glass manufactured by the new approach of this invention, and is those 
presentations and KN03. The ion-exchange conditions of a under [ a bath ], chemical resistance, and many properties relevant to 
strength are shown. 

[0020] Glass was manufactured from the usual raw material in the platinum crucible containing 41. The raw material was supplied 
over 8 hours with the melting temperature of 1,580 degrees C. After holding glass to this temperature over 14 hours after that, it 
cooled to 1,400 degrees C over 8 hours, stirring, and it was poured out in the mold of the graphite which carried out remaining heat 
to 500 degrees C. In order to conduct a preliminary visual inspection, this casting block was processed into tubing which ground the 
front face. The glass board to which the circular glass board which has the configuration and dimension of a hard disk substrate, i.e., 
an outer diameter, was [ the hole with a diameter of 20.0mm ] thick in 65.0mm by the usual approach, and it was thick in the center 
in 0.635mm from this casting block was manufactured. It is KN03 to grinding and this ground glass board in a precision. Chemical- 
strengthening processing was performed under the monograph affair shown in the table in the bath. 

[0021] Each property and parameter which were shown all over Table 1 are measured using the following physical analysis. Bending 
strength is measured by the approach of the following usually used in glass industry, and aims at the load produced in actual use. 
What was performed is the so-called duplex ring trial, and in this trial, a diameter lays it on the metal support ring which has the 
annular cutter of hardening steel with a diameter somewhat smaller than 60mm (phi= 65mm). i.e., the test objective glass board, in 
the chemical-strengthening processing glass board which has the configuration and dimension of a hard disk substrate, and it 
doubles a core. On this glass board, another metal support ring which has a steel cutter is laid similarly, and a core is doubled. A 
diameter is 25mm and this cutter has a diameter somewhat larger a little than the hole (phi= 20mm) of the center of a hard disk 
substrate. Push, therefore a hard disk substrate will be joined the rate for 2mm/by the force which continues increasing with 
constant speed in the glass board by which the cutter of the ring by the side of besides was laid on the cutter of a lower ring. Let 
the load in the time of a substrate fracturing be bending strength (N/mm2). In this trial, a load regards it as success, when fracture 
arises for the first time exceeding 100 Ns. 

[0022] Compressive stress is measured by the stress-optical method. That is, when compressive stress has joined the glass plate, 
change arises in the refractive index of an parallel and perpendicular direction to the stress direction, and a glass plate comes to 
show a birefringence. The birefringence, i.e., the difference of these refractive indexes, is proportional to the added stress according 
to the stress-optical multiplier of the glass concerned, and it is measured from the optical path difference after the reflection in 
respect of the glass of a perpendicular and parallel polarization light. 

[0023] The thickness of a compressive-stress band is the following, and is made and measured. A glass sample is observed on the 
wavelength of 546nm by the bottom of a polarization microscope. From the reasons of a balance, compressive stress has joined all 
front faces and, as for the sample to which the ion exchange was given, the tensile stress has joined the interior. In order to 
measure stress, a sample is placed between two polarizers made to cross. The stress which has joined the sample produces 
brightness in stress double refraction, therefore the optical path of a microscope. The transition (zero-order neutral band) to 
compressive stress from a tensile stress is visible clearly as a dark-colored broadcloth band under a microscope. The distance 
from a sample edge to a zero-order band serves as measured value of the thickness of a compressive-stress band. Since the 
above-mentioned glass board was too thin for performing this measurement, it used the piece of glass which was manufactured and 
hardened on the same conditions as this glass board and whose thickness is 2mm in 6mmx50mm for this measurement. 
[0024] Knoop hardness is measured according to DIN52333. The quick and simple test method which used easy equipment is 
indispensable to chemical-resistant measurement. There is no standard test method which specialized in the glass data-hold 
medium despite today. Although various kinds of test methods which investigate the chemical resistance of glassware are known 
for glass industry, those approaches are unsuitable although the chemical resistance of a hard disk substrate is judged by various 
reasons. 

[0025] The so-called amount of alkali extraction of the disk manufactured by the new approach of this invention can be carried out 
simple, and is judged by the new approach to obtain a very significant result. Here, vocabulary called the amount of alkali extraction 
shall mean the total amount of the alkali-metal ion eluted from a sample in the following trial carried out on condition that the 
following. The glass disk [ finishing / strengthening processing ] which has an above-mentioned configuration and an above- 
mentioned dimension, i.e.. an outer diameter, is 65.0mm, a sample is the glass board with a thickness of 0.635mm to which the hole 
with a diameter of 20.00mm opened in the center, an edge picks grinding and a field to a precision, and a front face is ground until it 
serves as less than 1nm of RMS roughness using cerium oxide. With the condition of having washed and having become wet with 
the last washing process over 1 / 4 hours at the room temperature in the ultrasonic bath using deionized water, the sample which 
performed strengthening processing, or the sample which performed strengthening processing and polish in the suitable embodiment 
was immersed into 25ml of 80-degree C deionized water, and was left as it was for 24 hours. The amount of the alkali-metal ion 
which exuded was measured by atomic absorption analysis. The amount (mug) of the alkali metal which exuded in each example is a 
thing about one sample respectively. 
[0026] 
[Table 1] 
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The amount of extraction of alkali metal means the total amount of extraction of the alkali-metal ion per hard disk substrate at the 
time of performing an above-mentioned trial under above-mentioned conditions (mug). Rhine of "stress relaxation (h)" shows the 
time amount (h) taken to decrease until the thickness of a compressive-stress band becomes measurable, when it is made into 
constant temperature (300 degrees C). Incidentally, change of the thickness which exceeds 4 micrometers is measurable. It is as 
having already explained the used optical means. Such reduction of the thickness of a compressive-stress band is easier to 
measure than compressive-stress relaxation itself in relation to reduction of compressive stress. 

[0027] KN03 In the bath, while carrying out chemistry hardening of the glass which has the presentation of the example 3 of Table 
1. ion-exchange time amount was changed from 1 / 2 hours to 15 hours, and whenever [ bath temperature ] was changed from 350 
degrees c to 550 degrees C. The thickness (micrometer) of the obtained compressive-stress band is shown in Table 2. The range 
of the thickness of a compressive-stress band was 14-230 micrometers, and the point which needs such long immersion time 
amount that temperature is low was as prediction. 
[Table 2] 
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[0028] Thus, it depends for the thickness of a compressive-stress band to ion-exchange time amount (when ion-exchange 
temperature is fixed) and the both sides of ion-exchange temperature (when ion-exchange time amount is fixed) clearly. Table 3 
shows that it is certainly applied about bending strength, although such a dependency is not applied to the compressive stress in a 
front face as it is. What was chosen as operation glass also in this case was glass which has the presentation of the example 3 of 
Table 1. 
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Since it has the value of the above very good bending strength, the tempered glass manufactured by the new approach of this 
invention is the optimal when bearing the mechanical load by which the current load is carried out to the hard disk (high speed of a 
future hard disk), or a load will be carried out to it. 

[0029] The temperature dependence of the stress relaxation which made reference in relation to the above-mentioned table 1 is 
shown in Table 4. It is the hard disk substrate manufactured for this purpose from the glass which has the presentation of the 
example 7 of Table 1 KN03 It was made to harden over 20 hours in a bath at 520 degrees C. Compressive stress is 2 800Ns/mm. 
The compressive-stress band which is 220 micrometers was formed. Table 4 is each temperature and shows the time amount 
which passed by the time reduction of the thickness of a compressive-stress band was observed. 
[Table 4] 



THIS PAGE BLANK (uspto) 







mm (h) 


3 0 0 


> 1 0 0 0 


3 5 0 


5 0 0 


4 0 0 


1 0 0 


5 0 0 


3 0 



If it extrapolates, by the time stress relaxation arises, 50,000 hours or more will pass at the temperature of 200 degrees C. It can 
be considered at more remarkable low temperature, for example, the temperature of less than 60 degrees C. that compressive 
stress is substantially held with a strength property at infinity. 

[0030] It is a point characteristic of the glass manufactured by this new approach that there are few amounts of extraction of alkali 
metal besides bending strength, i.e., chemical resistance is high. At the purpose which shows this property concretely, it is KN03 to 
the glass of the example 3 of Table 1. In performing chemical -strengthening processing in a bath, the strengthening processing time 
and temperature were changed again, and the amount of extraction of alkali metal was measured about that each. A result is shown 
in Table 5 and 6 (when changing ion-exchange temperature), (when changing ion-exchange time amount) It leached by three 
samples about each case, and the amount of extraction was measured. The result shown in a table was reproducible. 
[0031] 

[Table 5] 
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The strengthening processing time has shown non-tempered glass of 0 hour to the 1st line of Table 5 as an example of a 
comparison. Distribution of the ion which exuded has fluctuation because a difference is in element distribution in the front face of 
tempered glass and non-tempered glass. But it is important that the total amount of extraction of the alkali-metal ion of tempered 
glass is low to the same extent as the case of the glass which has not performed chemical -strengthening processing, while it is 
surprising. That is, in spite of having performed strengthening processing, good chemical resistance is held, further — being 
surprised — even if it extends the strengthening processing time, when the amount of extraction of alkali metal hardly increases 
but ion-exchange time amount, not to mention it. becomes long, it is that the amount of extraction of alkali metal decreases. 
[0032] 
[Table 6] 
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As shown in Table 6, the amount of extraction of alkali metal is hardly influenced with strengthening processing temperature. 
[0033] The glass which has the presentation as written and performed chemical-strengthening processing the condition as written 
shows in Table 7 that it is possible to carry out considerable extent reduction of the thickness, for example by polish, without 
changing intentionally the amount of alkali-metal extraction, i.e., chemical resistance. This table shows the amount of alkali-metal 
extraction from the hard disk substrate which has the presentation of the example 3 of Table 1 about the two different hardening 
processing times. Neither of the cases is before strengthening processing, and this hard disk substrate grinds both sides with 
cerium oxide until thickness decreases by 10 micrometers after strengthening processing. Residual roughness could be less than 
1nm. The thickness of the compressive-stress band before polish was 33 micrometers (strengthening processing time, 2.5 hours) or 
40 micrometers (strengthening processing time, 3.0 hours). The value of front Naka was checked by three measurement. 
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The advantage which the method of grinding after performing the approach of the specific embodiment of this invention indicated 
here, i.e., strengthening processing, from this result has is known clearly. Good chemical resistance is held and the surface quality 
which might be spoiled by the ion exchange is everlastingly improved by the polish after processing. 
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TECHNICAL FIELD 



[Field of the Invention] Fracture strength of this invention is high and it is related with the manufacture approach of the glass by 
which chemical-strengthening processing (chemical reserve stress grant processing) was carried out excellent also in chemical 
resistance, and use of such glass. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The advantage of the new approach of this invention is as follows. That is t the tempered glass 
manufactured by the approach of this invention has the following properties, and this is a combination peculiar to this invention. 

- High bending strength. - A deep compressive-stress band, - That the generated compressive stress does not ease substantially, 

- Good surface quality and - High chemical resistance. 

Since the tempered glass manufactured by the new approach of this invention has the peculiar property, it is the the best for using 
it as substrate glass for hard disks. Probably, other effectiveness and advantages of this invention will be clear from the above 
mentioned explanation and the following examples. 
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TECHNICAL PROBLEM 



[Description of the Prior Art] Since glass is divided and has the property of low surface roughness and smooth nature which should 
be mentioned especially as compared with a metal like aluminum or various metal alloys, when using it as a substrate of a data-hold 
medium (hard disk), it is advantageous. Such glass for substrates needs to bear the heavy load added chemically, thermally, and 
mechanically at the time of the inside of manufacture of a hard disk, or use. That is, such glass is heated by the elevated 
temperature between coatings (for example, based on cathode sputtering), and is cooled after that for a short time, the big 
mechanical load also at the time of the use as a hard disk — starting — such a load — for example, rotational speed — 3,500 - 
10,000rpm and the bolting stress to a revolving shaft — 300N/mm2 **** — it becomes. 

[0003] The glass which has not performed strengthening processing will be fractured very easily, if a tensile stress is added. 
Especially, in the case of thin glass with a thickness of 0.25-3.00mm, a load which was mentioned above only when strengthening 
processing (reserve stress grant processing) was carried out can be borne. Compared with the glass which has not performed 
strengthening processing, a load with it is added, and the glass which has performed strengthening processing becomes comparable 
[ the probability of fracture ] for the first time. [ the low namely, probability fractured also by the predetermined load and ] 
[ bigger ] 

[0004] Since 3mm or more in thickness is needed also at the lowest in order to increase a mechanical strength by heat 
strengthening (thermal reserve stress grant), the chemical strengthening by the ion exchange in the inside of a salt bath serves as 
alternative here. In the chemical strengthening of a under from a glass transition point Tg, alkali-metal ion with the small ion 
diameter in glass is permuted by alkali-metal ion with the big ion diameter in a salt bath, for example, it is Li+. Na+ Na+ K+ It 
permutes, about [ consequently, / of the ion-exchange depth ] — a compressive-stress band with a thickness [ equivalent to two 
thirds ] of about 14-230 micrometers forms — having — 350-900N/mm2 Bending strength is attained. 

[0005] One important factor which will be accepted when generating a compressive-stress layer well is the presentation of glass. If 
Li ion exists in glass, it will become difficult to advance an ion-exchange process. The ion exchange [ this / Li+ ] of two types, i.e., 
it is, Na+ The permutation to depend and Na+ K+ It is because the permutation to depend will arise and it is usually necessary to 
observe the specific mixing ratio of Na salt and K salt, and a narrow temperature requirement in process of the ion exchange. With 
oxygen ion, the fluoride in glass forms the anion network structure of glass, and can also diffuse big ion easily in such network 
structure. This will promote reduction of stress. When substrate glass contains comparatively a lot of fluorides, a chemical 
strengthening is usually the process of whether only a short period of time is attained and coating, for example, either of whether it 
will be almost lost at the time of heating. The quality of glass concerning the number and size of a defect of solid inclusion, a 
bubble, etc. at the above mentioned application is also important. This is because a concave hole will arise at the time of polish and 
the irregularity which cannot be permitted on a front face will arise, if air bubbles are shown in a substrate front face. 
[0006] German patent application public presentation official report DE 42 06 268 The lithium content aluminosilicate glass for hard 
disk substrate glass is indicated by aluminum number. Li02 Although ****** j s j mpr oved by existing, a chemical strengthening also 
becomes difficult for coincidence. In addition to surface smooth nature with a glass substrate, chemical resistance is also very 
important for the functionality of a fixed disk. In order to locate reading / writing head of a computer in the point-blank range of 
about 50nm and to function convenient from the hard disk which is carrying out high-speed rotation, this distance needs to be held 
correctly. However, resistance does not have the substrate front face of a hard disk to an operation of atmospheric air, and if a 
front face is ruined (for example, efflorescence), or, adhesive strength with each class by which a front face is ****(ed) on a front 
face for an operation of atmospheric air is lost and exfoliation arises by the attack of a chemical before a coating activity, the 
distance of a head and a disk will decrease. 

[0007] It is also a problem that the resistance on the front face of glass to water, caustic alkali liquid, or an acid usually decreases 
by chemical -strengthening processing, i.e., increase of the concentration of comparatively big alkali-metal ion. Not only chemical 
resistance falls, but [ when alkali-metal concentration rises ] this is for the attack operation by the chemical to increase, so that 
alkali-metal ion is large. 

[0008] The purpose of this invention is to offer the manufacture approach of the chemically strengthened glass which is excellent 
also in chemical resistance and bending strength is not only high, but can be especially used suitably as a substrate for hard disks. 
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MEANS 



[Means for Solving the Problem] In order to attain said purpose, according to this invention, the presentation Si02 of the following 
[ oxide criteria ] 63.0-67.5-mol %. aluminum 203 9.5-1 2.0-mol % and Na2 O 8.5-1 5.5-mol % and K2 O 2.5-4.0-mol %. MgO 3.0-9.0- 
mol %, sigma CaO+SrO+BaO+ZnO 0-2.5-mol %. Ti02 0.5-1.5-mol %, Ce02 0.02-0.5-mol %, As 203 0-0.35-mol %, Sn02 0-1.0-mol % 
and F2 0.05-2.6-mol % — however — Si02/aluminum2 035.3-6.85 Na2 0/K2 O 3.0-5.6 K2 O [ aluminum2 03/] 2.8-3.6 aluminum2 
03/(Ti02+Ce02) In the ion-exchange bath which contains more potassium salt than 90 % of the weight in the glass which has 7.6- 
18.5 The manufacture approach of chemically strengthened glass of reaching in the high fracture strength characterized by 
performing chemical-strengthening processing over 0.5 - 20-hour immersion time amount at the temperature of 350-550 degrees 
C. and having high chemical resistance is offered. 
[0010] 

[Embodiment of the Invention] The requirements for making the compressive-stress band which has a desired property generate at 
a strengthening (reserve stress grant) process are the presentations of glass. With the aluminosilicate glass used by this invention, 
it is Si02. It is because the melting point will rise superfluously if a content must not exceed 67.5-mol % and this exceeds this 
content. On the other hand, it is Si02. Even if a content becomes less than [ 63.0 mol % ], it does not become, but this is because 
chemical resistance is spoiled remarkably under in this content, aluminum 203 since it is the same A content must not exceed 
1 2.0-mol %, either and must not be less than [ 9.5 mol % ], either. It is Si02 in order to secure the both sides of good acid 
resistance and good ion-exchange nature, aluminum 203 It is necessary to exist by the ratio which was able to take balance 
mutually. Namely, Si02 / aluminum 203 There must be a mole ratio within the limits of 5.3-6.85. 

[0011] There is an alkali-metal oxide as a fundamental component of glass. By combining effectively the clarifier mentioned later 
according to this invention, it becomes possible to except Li2 O completely, and it becomes possible to attain a desired property to 
coincidence about the both sides of surface quality and a chemical strengthening with single glass. There must be a Na2 O content 
in 8.5-1 5.5-mol% of within the limits. By chemical resistance falling, if a Na2 O content exceeds 1 5.5-mol %, if lower on the other 
hand than 8.5-mol %, it will be hard coming to fuse glass in the first place first, and it is Na+/K+ to the second. The increment in the 
reinforcement only by the ion exchange will be restricted. 

[0012] The component which has an exceptional and surprising operation is K2 O, and this component needs to exist in % of the 
amount of 2.5-4.0 mols. This component increases the melting nature of glass and promotes the ion-exchange process by K ion in 
a salt bath of Na ion in glass. Furthermore, a homogenization process is also simplified and it also becomes approaching the 
condition of request that a bubble is absent. This is for simplifying without spoiling the chemical resistance and chemical- 

strengthening nature (chemical reserve stress grant nature) which the direction of K2 O increased the basicity of glass, 
consequently were excellent compared with Na2 O of the number of the said mols. It is only the case of above-mentioned within 
the limits that same chemical and the glass which has a mechanical property and was excellent in the cellular property can be 
manufactured easily. Less than [ 2.5 mol % ], when the ratio of aluminum2 03 / K2 O is less than 2.8, the content of K2 O The 
consistency of air bubbles and the size of air bubbles increase, and on the other hand, the content of K2 O is larger than 4.0-mol %, 
and when the ratio of aluminum2 03 / K2 O is larger than 3.6, reinforcement of glass cannot be enough increased between 
chemical -strengthening processings (chemical reserve stress grant processing). Two sorts of alkali-metal oxides also need to exist 
by the ratio which was able to take balance mutually. That is, there must be a mole ratio of Na2 0/K2 O within the limits of 3.0-5.6. 

[0013] other indispensable components — MgO — it is — the minimum — 3.0-mol % — it is necessary to exist Consequently, the 
basicity of glass rises and homogenization is promoted. However, under existence of bivalence ion, since Na ion joins together more 
strongly in aluminosilicate glass structure, MgO is also checking an ion-exchange process. For this reason, MgO must not exceed 
9.0-mol % at the maximum. Other alkaline-earth-metal oxides and ZnO also have the same operation, therefore, this glass — CaO, 
SrO. BaO. and ZnO — total amount sigma CaO+SrO+BaO+ZnO — it is — 0-2.5-mol % — it can contain 0.1 to 2.5% preferably. The 
thing with MgO more desirable than other alkaline-earth-metal oxides and ZnO is because there are few degrees which spoil 
chemical resistance than these oxides, while MgO raises melting nature like BaO and CaO. Furthermore, it is Ti02. It is the 
indispensable component of glass. Ti02 1 .5-mol% of that whose content needs to be more than 0.5 mol % — it must not exceed — 
this — this — it is because trouble arises between melting of a batch that it is out of range. 

[0014] In order to obtain the best result about a bubble property, other components, i.e., clarifier, and founding assistants also need 
to exist in the combination which was able to take balance. Glass is Ce02 of % of the amount of 0.02-0.5 mols. It is necessary to 
contain. Ce02 It not only has a founding function, but it gives the absorbing power of ultraviolet rays with many medicine top 
problems high enough to glass. Therefore, use of the glass in lighting industry also becomes possible. The initial complement of a 
clarifier is aluminum 203 which exists in glass. Being influenced by the amount was found out. aluminum 203 which exists in glass 
The initial complement of a clarifier increases, so that there are many amounts. It is necessary to make it the mole ratio of 
aluminum2 03/(Ce02+Ti02) specifically become within the limits of 7.6-18.5. As other clarifiers, it is As 203 not more than 0.35 
mol %. And Sn02 not more than 1 .0 mol % It is suitable. It is desirable that at least one side recognizes amount existence beyond 
0.02 mol % among two sorts of these components. The glass used in the semantics [ there are few bubbles and ] that size is small 
especially in order to be quality is As 203 of % of the amount of 0.02-0.35 mols. It is necessary to contain. 

[0015] Glass is F2 of % of the amount of 0.05-2.6 mols further. It is necessary to contain. The minimum of this range is set up on 
the need for cellular quality, and an upper limit is set up in view of the above-mentioned operation of the fluoride to the network 
structure of gfass. In the case of arsenic content glass, it is F2 [ 0.05-0.7 mol % ]. F2 which is 0.5-2.6-mol % when a content is 
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desirable and is arsenic non-containing glass A content is desirable. 

[0016] It is possible to create simply the compressive-stress band of high depth which compressive stress maintains over a long 
period of time according to a chemical strengthening with such glass to a surprising thing, without spoiling the good chemical 
resistance. 100 % of the weight - 90% of the weight or more of potassium salt is contained, and glass goods are immersed in a salt 
bath [ as / whenever / bath temperature / whose / is 350-550 degrees C ] over 0.5 - 20 hours. By such processing, a 
compressive-stress band about 14 to 230 micrometers or more generates [ thickness ]. The immersion time amount of long 
duration is needed, so that temperature is low in that case. All things the anion is stable in the above-mentioned temperature 
requirement can be used for a salt bath by general potassium salt A potassium content reduces a salt bath (it usually starts from 
100% of potassium salt) for the ion exchange, and when the desired ion-exchange depth is no longer obtained, they are exchanged. 
It is usually a time of potassium salt becoming 90 % of the weight to become such a situation. It is also possible to use 10 or less % 
of the weight of other salts, and to lower the melting point of a bath from the beginning. It means that the ion-exchange capacity of 
a bath exhausts this the part earliness, of course. 

[0017] When the ion exchange performs a chemical strengthening on glass, a result whose front face is ruined depending on the 
case may be brought. In the advantageous embodiment of the new approach of this invention, glass is ground after strengthening. 
The compressive-stress layer from which it is obtained by this invention that such a series of down stream processing from which 
the conventional technique differs can be performed is because it is thick, without spoiling the fracture strength excellent in this 
invention. Although it is desirable to carry out to 25 micrometers or more in thickness and it performs the ion exchange over about 
1 hour for that purpose at the temperature of 450 degrees C, as shown in Table 2, even if other processing times and temperature 
are used for a compressive-stress layer, it is possible for considering as such thickness. If it grinds after strengthening, the glass 
which has the surface characteristic which could remove again mechanical change produced on the front face, and was excellent 
between chemical-strengthening processings can be obtained, and, moreover, good chemical resistance will also be maintained. If 
the approach of this invention is used, since a surface characteristic not only improves, but a **** process can be reduced, the 
manufacture approach will also be simplified. Polish of glass is performed using cerium oxide and it is made for granularity to be set 
to less than 1nm with an RMS value (mean square value). 
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EXAMPLE 



[Example] Table 1 shows some examples of the tempered glass manufactured by the new approach of this invention, and is those 
presentations and KN03. The ion-exchange conditions of a under [ a bath ], chemical resistance, and many properties relevant to 
strength are shown. 

[0020] Glass was manufactured from the usual raw material in the platinum crucible containing 41. The raw material was supplied 
over 8 hours with the melting temperature of 1,580 degrees C. After holding glass to this temperature over 14 hours after that, it 
cooled to 1,400 degrees C over 8 hours, stirring, and it was poured out in the mold of the graphite which carried out remaining heat 
to 500 degrees C. In order to conduct a preliminary visual inspection, this casting block was processed into tubing which ground the 
front face. The glass board to which the circular glass board which has the configuration and dimension of a hard disk substrate, i.e., 
an outer diameter, was [ the hole with a diameter of 20.0mm ] thick in 65.0mm by the usual approach, and it was thick in the center 
in 0.635mm from this casting block was manufactured. It is KN03 to grinding and this ground glass board in a precision. Chemical- 
strengthening processing was performed under the monograph affair shown in the table in the bath. 

[0021] Each property and parameter which were shown all over Table 1 are measured using the following physical analysis. Bending 
strength is measured by the approach of the following usually used in glass industry, and aims at the load produced in actual use. 
What was performed is the so-called duplex ring trial, and in this trial, a diameter lays it on the metal support ring which has the 
annular cutter of hardening steel with a diameter somewhat smaller than 60mm (phi= 65mm), i.e., the test objective glass board, in 
the chemical-strengthening processing glass board which has the configuration and dimension of a hard disk substrate, and it 
doubles a core. On this glass board, another metal support ring which has a steel cutter is laid similarly, and a core is doubled. A 
diameter is 25mm and this cutter has a diameter somewhat larger a little than the hole (phi= 20mm) of the center of a hard disk 
substrate. Push, therefore a hard disk substrate will be joined the rate for 2mm/by the force which continues increasing with 
constant speed in the glass board by which the cutter of the ring by the side of besides was laid on the cutter of a lower ring. Let 
the load in the time of a substrate fracturing be bending strength (N/mm2). In this trial, a load regards it as success, when fracture 
arises for the first time exceeding 100 Ns. 

[0022] Compressive stress is measured by the stress-optical method. That is, when compressive stress has joined the glass plate, 
change arises in the refractive index of an parallel and perpendicular direction to the stress direction, and a glass plate comes to 
show a birefringence. The birefringence, i.e., the difference of these refractive indexes, is proportional to the added stress according 
to the stress-optical multiplier of the glass concerned, and it is measured from the optical path difference after the reflection in 
respect of the glass of a perpendicular and parallel polarization light. 

[0023] The thickness of a compressive-stress band is the following, and is made and measured. A glass sample is observed on the 
wavelength of 546nm by the bottom of a polarization microscope. From the reasons of a balance, compressive stress has joined all 
front faces and, as for the sample to which the ion exchange was given, the tensile stress has joined the interior. In order to 
measure stress, a sample is placed between two polarizers made to cross. The stress which has joined the sample produces 
brightness in stress double refraction, therefore the optical path of a microscope. The transition (zero-order neutral band) to 
compressive stress from a tensile stress is visible clearly as a dark-colored broadcloth band under a microscope. The distance 
from a sample edge to a zero-order band serves as measured value of the thickness of a compressive-stress band. Since the 
above-mentioned glass board was too thin for performing this measurement, it used the piece of glass which was manufactured and 
hardened on the same conditions as this glass board and whose thickness is 2mm in 6mmx50mm for this measurement. 
[0024] Knoop hardness is measured according to DIN52333. The quick and simple test method which used easy equipment is 
indispensable to chemical-resistant measurement. There is no standard test method which specialized in the glass data-hold 
medium despite today. Although various kinds of test methods which investigate the chemical resistance of glassware are known 
for glass industry, those approaches are unsuitable although the chemical resistance of a hard disk substrate is judged by various 
reasons. 

[0025] The so-called amount of alkali extraction of the disk manufactured by the new approach of this invention can be carried out 
simple, and is judged by the new approach to obtain a very significant result. Here, vocabulary called the amount of alkali extraction 
shall mean the total amount of the alkali-metal ion eluted from a sample in the following trial carried out on condition that the 
following. The glass disk [ finishing / strengthening processing ] which has an above-mentioned configuration and an above- 
mentioned dimension, i.e., an outer diameter, is 65.0mm, a sample is the glass board with a thickness of 0.635mm to which the hole 
with a diameter of 20.00mm opened in the center, an edge picks grinding and a field to a precision, and a front face is ground until it 
serves as less than 1nm of RMS roughness using cerium oxide. With the condition of having washed and having become wet with 
the last washing process over 1 / 4 hours at the room temperature in the ultrasonic bath using deionized water, the sample which 
performed strengthening processing, or the sample which performed strengthening processing and polish in the suitable embodiment 
was immersed into 25ml of 80-degree C deionized water, and was left as it was for 24 hours. The amount of the alkali-metal ion 
which exuded was measured by atomic absorption analysis. The amount (mug) of the alkali metal which exuded in each example is a 
thing about one sample respectively. 
[0026] 
[Table 1] 
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66 


68 


58 


72 


(1D- B /K) 


6.2 


8.9 


9.1 


9.6 


9.1 


9.1 


a. 9 




595 


632 


618 


565 


573 


579 


626 



The amount of extraction of alkali metal means the total amount of extraction of the alkali-metal ion per hard disk substrate at the 
time of performing an above-mentioned trial under above-mentioned conditions (mug). Rhine of "stress relaxation (h)" shows the 
time amount (h) taken to decrease until the thickness of a compressive-stress band becomes measurable, when it is made into 
constant temperature (300 degrees C). Incidentally, change of the thickness which exceeds 4 micrometers is measurable. It is as 
having already explained the used optical means. Such reduction of the thickness of a compressive-stress band is easier to 
measure than compressive-stress relaxation itself in relation to reduction of compressive stress. 

[0027] KN03 In the bath, while carrying out chemistry hardening of the glass which has the presentation of the example 3 of Table 
1, ion-exchange time amount was changed from 1 / 2 hours to 15 hours, and whenever [ bath temperature ] was changed from 350 
degrees C to 550 degrees C. The thickness (micrometer) of the obtained compressive-stress band is shown in Table 2. The range 
of the thickness of a compressive-stress band was 14-230 micrometers, and the point which needs such long immersion time 
amount that temperature is low was as prediction. 
[Table 2] 
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[0028] Thus, it depends for the thickness of a compressive-stress band to ion-exchange time amount (when ion-exchange 
temperature is fixed) and the both sides of ion-exchange temperature (when ion-exchange time amount is fixed) clearly. Table 3 
shows that it is certainly applied about bending strength, although such a dependency is not applied to the compressive stress in a 
front face as it is. What was chosen as operation giass also in this case was glass which has the presentation of the example 3 of 
Table 1. 

[Table 3] 





( h ) 


s. m is tf ^ tin 


mmx-n&m 

£&;+J (N/ mn a ) 


(N/ mn e ) 


1 . 5 


3 0 


880+30 


4 3 0 


1 5 


10 3 


775130 


8 0 0 



Since it has the value of the above very good bending strength, the tempered giass manufactured by the new approach of this 
invention is the optimal when bearing the mechanical load by which the current load is carried out to the hard disk (high speed of a 
future hard disk), or a load will be carried out to it. 

[0029] The temperature dependence of the stress relaxation which made reference in relation to the above-mentioned table 1 is 
shown in Table 4. It is the hard disk substrate manufactured for this purpose from the glass which has the presentation of the 
example 7 of Table 1 KN03 It was made to harden over 20 hours in a bath at 520 degrees C. Compressive stress is 2 800Ns/mm. 
The compressive-stress band which is 220 micrometers was formed. Table 4 is each temperature and shows the time amount 
which passed by the time reduction of the thickness of a compressive-stress band was observed. 
[Table 4] 
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3 0 0 


> 1 0 0 0 


3 5 0. 


5 0 0 


4 0 0 


1 0 0 


5 0 0 


3 0 



If it extrapolates, by the time stress relaxation arises, 50,000 hours or more will pass at the temperature of 200 degrees C. It can 
be considered at more remarkable low temperature, for example, the temperature of less than 60 degrees C, that compressive 
stress is substantially held with a strength property at infinity. 

[0030] It is a point characteristic of the glass manufactured by this new approach that there are few amounts of extraction of alkali 
metal besides bending strength, i.e., chemical resistance is high. At the purpose which shows this property concretely, it is KN03 to 
the glass of the example 3 of Table 1. In performing chemical-strengthening processing in a bath, the strengthening processing time 
and temperature were changed again, and the amount of extraction of alkali metal was measured about that each. A result is shown 
in Table 5 and 6 (when changing ion-exchange temperature), (when changing ion-exchange time amount) It leached by three 
samples about each case, and the amount of extraction was measured. The result shown in a table was reproducible. 



[0031] 
[Table 5] 


-%.<om&u& (450-0 x-<d. sftttttaisraoHR 




aasfl (ug/RS) 


N a* 


K + 


£ N a * + K* 


0 


2 2 


3 


2 5 


0. 5 


2 


2 0 


2 2 


1 . 5 


2 


2 2 


2 4 


2. 0 


2 


2 2 


2 4 


4. 0 


2 


2 4 


2 6 


10.0 


3 


1 6 


1 9 


15.0 


6 


8 


1 4 



The strengthening processing time has shown non-tempered glass of 0 hour to the 1st line of Table 5 as an example of a 
comparison. Distribution of the ion which exuded has fluctuation because a difference is in element distribution in the front face of 
tempered glass and non-tempered glass. But it is important that the total amount of extraction of the alkali-metal ion of tempered 
glass is low to the same extent as the case of the glass which has not performed chemical-strengthening processing, while it is 
surprising. That is, in spite of having performed strengthening processing, good chemical resistance is held, further — being 
surprised — even if it extends the strengthening processing time, when the amount of extraction of alkali metal hardly increases 
but ion-exchange time amount, not to mention it, becomes long, it is that the amount of extraction of alkali metal decreases. 
[0032] 
[Table 6] 
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N a* 
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3 5 0 
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2 2 


2 8 


4 0 0 
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2 1 


2 3 


4 5 0 
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2 2 


2 4 


5 0 0 


3 


2 0 


2 3 


5 5 0 


3 


2 1 


2 4 



As shown in Table 6, the amount of extraction of alkali metal is hardly influenced with strengthening processing temperature. 
[0033] The glass which has the presentation as written and performed chemical-strengthening processing the condition as written 
shows in Table 7 that it is possible to carry out considerable extent reduction of the thickness, for example by polish, without 
changing intentionally the amount of alkali-metal extraction, i.e., chemical resistance. This table shows the amount of alkali-metal 
extraction from the hard disk substrate which has the presentation of the example 3 of Table 1 about the two different hardening 
processing times. Neither of the cases is before strengthening processing, and this hard disk substrate grinds both sides with 
cerium oxide until thickness decreases by 10 micrometers after strengthening processing. Residual roughness could be less than 
1nm. The thickness of the compressive-stress band before polish was 33 micrometers (strengthening processing time, 2.5 hours) or 
40 micrometers (strengthening processing time, 3.0 hours). The value of front Naka was checked by three measurement. 



[Table 7] 










N a* 


K * 


I N a + + K * 


2. 5 


5 


1 0 


1 5 


3. 0 


5 


1 3 


1 8 



The advantage which the method of grinding after performing the approach of the specific embodiment of this invention indicated 
here, i.e., strengthening processing, from this result has is known clearly. Good chemical resistance is held and the surface quality 
which might be spoiled by the ion exchange is everlastingly improved by the polish after processing. 



[Translation done.] 
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